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Abstract 
This conceptual paper provides an early review of literature on on-site waste management innovation 
to support a proposed research project to investigate barriers seen to constrain adoption decisions in 
building construction projects.  The environmental, economic and social benefits of on-site waste 
management innovation are discussed; and a proposed integrated framework is presented to establish 
a starting point for empirical research aimed at exploring the uptake of innovative on-site waste 
management practice in Australian building construction projects. This paper makes a theoretical 
contribution to the understanding of project-based organisations within an important empirical setting, 
namely the Construction and Demolition (C&D) waste management innovation system. Future 
research by the authors will involve the execution of the proposed research program. Applied 
outcomes from the proposed research will include the development of effective strategies for industry 
clients and practitioners to increase levels of on-site C&D waste innovation in building projects.  
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1. Introduction 
There are formidable challenges associated with resource depletion that require greater attention to 
reclaiming the embodied energy of existing building stock, and decreasing the energy required to 
construct new buildings though innovative waste management strategies. To address these challenges, 
an innovative approach to on-site waste capture and segregation practices is required. This can 
involve the uptake of on-site processing technology to reduce transport requirements and associated 
environmental impacts.  
Effective product, process and/or system innovation adoption on construction projects can result in 
improved program performance, decreases in cost and potential improvements in the quality of 
project outcomes (Rose & Manley, 2012). In response to the challenges of environmental 
sustainability, global experts have called for greater investment in innovation aimed at reducing 
whole-of-life building energy consumption, in light of estimates that greenhouse emissions from 
buildings can be reduced globally by 30% at no net cost, by 2020 (IPCC, 2007). Technological and 
process advances in on-site separation of C&D waste offer reduced contamination by capturing and 
segregating materials for effective processing, while on-site re-use through systematic deconstruction 
techniques enables greater recovery of material resources (Chini & Bruening, 2005).  
By identifying the behavioural barriers to adoption of innovative practices, detailed educational 
interventions can be implemented to improve on-site waste management practice in building projects. 
Against this background, a large scale research project has been proposed to improve resource and 
energy efficiency within the Australian building sector, through increased adoption of innovative on-
site recycling and re-use of building materials and components in the Construction and Demolition 
(C&D) waste stream.  
This paper is the result of the first stage of the project, involving an early literature review and 
development of a integrated framework that will be used to guide the first stage of the research, 
namely: to define the key system participants and activities in the C&D waste management innovation 
system in the Australian building industry and identify the barriers to on-site waste management 
innovation. The paper conceptualizes the building construction supply chain as an Open Innovation 
System, which is extended by applying the adapted Project Based Product Framework (PBPF) to 
define the C&D waste management context, and proposes Innovation Diffusion Theory (IDT) and 
Theory of Planned Behaviour (TPB) to explore the decomposed beliefs and behavioural intentions of 
system participants and subsequent adoption behaviour within this context. 
2. Innovation in C&D Waste Management 
Innovation in on-site separation, processing and re-use of C&D waste offers significant social, 
economic and environmental benefits over traditional methods, including reduced transportation 
requirements (Hyder, 2011). Advances in on-site separation can reduce the contamination of building 
waste by capturing and segregating materials for effective processing, while on-site re-use through 
systematic deconstruction techniques enables greater recovery of material resources (Chini & 
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Bruening, 2005), thus reducing the embodied energy impact of buildings. In the proposed study, on-
site C&D waste management innovation can be categorized into: 1) process and technological 
innovations in the capture and segregation of C&D waste on-site;  2) advanced fixed or mobile on-site 
reprocessing technology for material and product reprocessing; or 3) new processes or technology in 
the on-site re-use of waste materials and components. 
Despite research attention in developing strategies to reduce, re-use and recycle C&D waste, 
implementation of these strategies in practice has been limited (Yuan & Shen, 2011; Tam, 2008). In 
Australia, the C&D waste stream produces the highest tonnage of waste in comparison to all other 
waste steams (Municipal Solid Waste and Commercial and Industrial Waste) comprising 18.2 million 
tons produced nationally in 2010-11 (Hyder, 2011). Of this material, mixed C&D waste represents the 
majority of waste that is disposed to landfill, emphasizing a need to improve on-site 
separation/reprocessing and minimize waste contamination (DSEWC, 2012). A recent Australian 
federal government study (DOE, 2013) pinpointed four key actions required for improvement in 
recovering resources from the C&D waste stream: (1) Design products and buildings for their 
eventual deconstruction to enable resource recovery and reduction of embodied energy; (2) Reduce 
the contamination of waste in the capture and segregation of materials at their source (on-site); (3) 
Encourage the uptake of recovered materials through improved specifications and knowledge of 
material and product applications; and (4) Conduct research and development into overcoming market 
and technical barriers to the uptake of innovative applications. To address these key priorities requires 
significant change in how C&D waste is re-used and recycled on building sites with particular 
emphasis on increasing the uptake of innovative practices and technology through behavioural 
change. Attention is also required to improve the diffusion of C&D waste management best practice 
across the conservative building industry; seen as a key barrier to uptake (Damptey et al., 2010). 
Promotion of construction innovation requires a clear understanding of key organizational barriers 
constraining uptake. This is particularly relevant to construction project-based organizations that face 
inherent difficulties in innovative knowledge sharing and benchmarking global best practice (Rose & 
Manley, 2012). This organizational dynamic has resulted in negative perceptions towards the value of 
innovation despite persisting regulatory intervention. National and global innovation studies have 
indicated that regulation should be undertaken alongside policy responses aimed at encouraging more 
positive attitudes to innovation (OSTP, 2008). Similarly, recent sustainability management research 
has called for greater emphasis on improving the processes that support the introduction of 
sustainability technologies, not only to be driven by market demand but also mediated by the vested 
interests of a wide range of industry stakeholders (Schweber & Leiringer, 2012). By encouraging 
more positive attitudes towards innovation and addressing underlying problems of conservatism, 
performance improvement across the construction supply chain can be achieved.  
Assuming waste management innovation uptake is centrally driven by key system participant 
diffusion, the proposed study will map the C&D waste management innovation system and explore 
the behavioural barriers to the adoption of advanced waste practices, and thus, develop strategies for 
innovation system improvement within building construction projects. This will build upon the global 
literature emphasizing the specific need for further research into understanding practitioner attitudes 
towards C&D waste re-use and recycling (Yuan & Shen, 2011; Teo & Loosemore, 2001). As a 
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starting point, this paper proposes a novel theoretical frame where the building supply chain is 
conceptualised as an Open Innovation System, which is extended by applying the adapted Project 
Based Product Framework to define the C&D waste management context, and integrates IDT and 
TPB to explore the decomposed beliefs and behavioural intentions of key system participants. 
3. Integrated Framework 
The proposed integrated framework shown at Figure 1 takes a different approach to the common 
construction innovation models currently offered, with emphasis on system-wide analysis of project-
based innovation within the Project-Based Open Innovation System (PBOIS). Existing models have 
tended to focus on a firm-level innovation management that has lacked explanatory power when 
dealing with the complexities of the traditionally fragmented project-based construction supply chain 
(Hartmann, 2006), with an emphasis on the relationships and interdependencies in the built 
environment product system. Indeed, the project-based nature of production in the construction sector 
creates unique challenges to the adoption of innovation, compared to say, the manufacturing sector, 
for example. The temporary nature of teams makes it difficult to build up the strength of relationships 
often needed for successful innovation. In addition, the project to project production method implies a 
discontinuity which makes the accumulation of knowledge within project based firms difficult. The 
regulatory and institutional context shapes, and is shaped by, the supply network, project-based firms 
and projects, with the technical support infrastructure playing a similar role. 
This exploratory paper of on-site waste management innovation is based on an international review of 
peer reviewed journals and industry reports to support proposed empirical research aimed at 
investigating barriers seen to constrain adoption decisions in building construction projects. It draws 
on highly cited articles and industry reports published between 1985 and 2013. The articles dealt with 
the adoption of waste management innovation in Australia. Content analysis was employed to define 
waste management innovation in view of the integrated framework, shown in Figure 1. The authors 
each independently allocated the themes arising in the literature to the activities and actors shown in 
Figure 1. Following this, the two sets of analysis were merged and triangulated to arrive at a 
consensus understanding of the nature of on-site waste management innovation as a foundation to the 
proposed empirical work.  
The paper draws upon previous work in the application of Open Innovation Systems in complex 
project-based environments (see Rose & Manley, 2012) and focuses on a specific type of project-
based innovation from an integrated system perspective, contextually tailored to the unique vertical 
and horizontal supply chain relationships within this system (e.g. inclusion of the waste reprocessing 
firms as a potentially critical knowledge link across project organisational boundaries). Further, 
drawing for the first time upon the integration of Innovation Diffusion Theory (IDT) and Theory of 
Planned Behaviour (TPB) as a lens to interpret the decision-making of project-based construction 
organisations in the PBOIS, the proposed study will result in a deeper and more finely-grained 
understanding of the barriers to building innovation across complex supply chains than is currently 
possible with existing approaches.  
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Gann and Salter’s (2000) seminal Project-Based Product Framework (PBPF) is adapted and treated as 
an Open Innovation System (OIS) (Gassmann, 2006; Rothwell, 1994) to provide context for our 
study. This adaption takes into account for the key players and dynamics associated with waste 
management. The relationships between stakeholders and their reliance on one another are 
emphasised to source external ideas for innovation. The open innovation knowledge links are 
represented as arrows in the model. This extended framework provides a rich context in order to 
interpret and assess the beliefs and behavioural intentions of organisations within a project-based open 
innovation system.  C&D waste reprocessing firms are uniquely positioned in the PBOIS; these 
manufacturing-based organisations interact with project-based organisations (e.g. contractors and 
consultants) at both the end of a building lifecycle i.e. at demolition stage (purchasing sorted C&D 
waste) and in design and construction stages (sale and integration of recycled materials/products). The 
inclusion of the C&D waste reprocessing firms adds an additional dimension to the innovation 
system, as they potentially act as key knowledge brokers in the diffusion of C&D waste management 
innovation in both design/construction and demolition/disposal stages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Project Based Open Innovation System (PBOIS), based on Gann and Salter (2000) 
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Further, to interpret the beliefs and behavioural intentions of project-based organizations within the 
C&D waste management innovation system, the two key behavioural decision-making theories; TPB 
and IDT, are integrated. Variations of this integrated IDT/TPB model have been applied to explore 
user intentions to adopt technology in the area of information technology (Shih & Fang, 2004) and 
marketing (Taylor & Todd, 1995). This is the first time it will be applied in the context of a project-
based environment as defined by the extended PBOIS. The integrated IDT/TPB model is shown at 
Figure 2.   
TPB is a well-known behavioural theory that hypothesizes actual behaviour as a direct function of 
behavioural intention, as the weighted sum of attitudes, subjective norm and perceived behavioural 
control (Ajzen, 1985). TPB is one of the most influential and commonly employed theories to explain 
intentions to use new technology (Mathieson, 1991). Despite the usefulness of TPB as a foundation 
theory to explain behavioural intentions of construction practitioners (Teo & Loosemore, 2001), it is 
contended that a decomposition of attitudinal drivers is required to better understand the relationship 
between antecedents of intention and relationship between attitudinal structures towards innovation 
adoption (Taylor & Todd, 1995). Thus, key innovation characteristics that influence adoption attitudes 
drawn from IDT (Rogers, 2003), are integrated and combined with TPB to improve its explanatory 
power within an innovation system context.  
 
 
 
 
 
 
 
 
 
Figure 2: Innovation Diffusion Theory (IDT) and Theory of Planned Behaviour (TPB), based on Shih 
& Fang, (2004) 
In summary, the model proposes IDT (innovation specific) contributes to the broader TPB constructs 
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is a direct function of this behavioural intention. According to the integrated IDT/TPB framework, it 
is predicted that to increase adoption of on-site C&D waste management innovation, project-based 
organizational managers (as the decision-makers in this context) need to have a positive attitude 
towards the innovation, perceive support from individuals and groups around them; and control over 
the adoption process and outcome. It is expected by mapping C&D waste management innovation via 
system-wide analysis within the Project-Based Open Innovation System (PBOIS) will provide a more 
finely graded interpretation of the behavioural barriers constraining adoption across the innovation 
system.  
4. Mapping of the on-site C&D waste management innovation 
system and adoption behaviour 
Drawing upon the theoretical frame, the empirical stage of the research will aim to define the key 
system participants and activities in the C&D waste management innovation system in the Australian 
building industry. This research component will comprise an inductive semi-structured interview 
program. Semi-structured interviews will be conducted with selected representatives across six key 
sectors involved in the C&D waste management stream: (1) clients, (2) managing contractors, (3) 
subcontractors, (4) consultants, (5) waste re-processers and (6) material manufacturers. Interviewees 
across these six key sectors will be purposefully selected based on their level of experience and 
understanding of C&D waste management practice in the building construction industry. It is 
envisioned a total of 60 interviews will be conducted, with ten from each sector as recommended 
(Eisenhardt, 1989). The interviews will elicit salient perceptions of on-site C&D waste management 
behaviour (including adoption barriers) and define the relationships across stakeholders in the supply 
chain, as conceptualised in Figure 1. Key industry bodies will be recruited as research supporters 
through extensive researcher networks (including access to leaders of national construction industry 
associations) to assist in the identification of suitable interviewees.  
Taking an integrated, non-linear view of the supply chain allow researchers to draw rich data about 
individual sector perspectives, and triangulate perspectives on innovation adoption behaviour across 
the six industry-stratified sectors. This stage will reveal knowledge gaps and policy shortcomings that 
currently constrain the uptake of innovation. A qualitative approach is proposed in order to explore in-
depth the complex relationships and interdependencies within the innovation system. Access to a rich 
data set during the formative stages of the project will provide the foundations for the development of 
a valid and robust model. Although the sample will be enlarged if required via a snowball sampling 
method, it is anticipated ‘data saturation’ will occur with this sample size. Content analysis will be 
used to code the interview transcripts; NVivo software to classify, sort and arrange the data; and 
comparative techniques to draw out the most influential factors.  
The proposed empirical work will derive focused innovation system data within the context of a 
specific innovation type at project organisational level. Drawing on the innovation system dynamics 
and current adoption activity data, it is envisioned a quantitative survey will then be undertaken to 
identify the most important predictors to the intention to adopt on-site waste management innovation 
by project-based organisations in the building construction industry.  
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5. Conclusions 
Current waste volumes from Australian construction projects have reached concerning levels, with 
6.25 million tons of C&D waste buried in landfill in 2013. Similarly, the embodied energy in the 
existing Australian building stock is equivalent to ten years of national energy consumption, reflecting 
the significance of innovation in the recovery of resources at building end-of-life (DSEWC, 2012). 
Compared to conventional C&D waste disposal methods, there is the potential for greater than 90% of 
building recycling to be routinely achieved if supply chain organizations give priority to waste 
recycling measures (Damptey et al., 2010). However, advanced waste recycling and re-use practices 
on construction projects remain low (Yuan & Shen, 2011). It is argued that comprehensive research is 
required into how practitioner attitudes influence C&D waste management behaviour from an 
integrated innovation system perspective.  
The proposed research presented in this paper will build upon previous research in seeking to 
understand practitioner attitudes towards C&D waste re-use and recycling, and for the first time, 
proposes an integrated framework to explain on-site C&D waste management behaviour through an 
innovation system lens. It will focus on the beliefs and behavioural intentions of project-based 
organisations as the key actors in the adoption of on-site C&D waste management innovation. 
Although the focus is on project-based organisations, we also will explore the roles and influences of 
the supply network (e.g. manufacturers and waste re-processors), building clients and end users, the 
technical support infrastructure (e.g. research and development) and the regulatory and institutional 
framework (e.g. state and local government regulators) on innovation adoption decisions.  
Although the framework is yet to be validated through empirical research; it is anticipated that the 
results from the future empirical work will shed new light on the innovation system supporting the 
adoption of innovative on-site waste management initiatives. Nevertheless, it currently provides a 
solid foundation for future research within this innovation area. Applied outcomes from the proposed 
research will include the development of effective strategies for industry clients and practitioners to 
increase levels of on-site C&D waste innovation resulting in positive environmental, social and 
economic outcomes. 
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